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Materials and Methods
Cloning and Expression
Following the same strategy used in the BtuCD structure determination (S1), HI1470 and HI1471
were co-expressed from the same plasmid with an N-terminal tag only on the membrane
spanning subunit.  This cloning protocol was achieved by amplification of the HI1470 gene from
Haemophilus influenzae strain KW20 genomic DNA by PCR using two oligonucleotides which
introduced an N-terminal NdeI site and a C-terminal XhoI site, while also removing the stop
codon. The PCR product was cut with NdeI and XhoI, and ligated into pET21b(+)
(Novagen/EMD Biosciences) which introduced a C-terminal 6-histidine tag. The HI1471 gene
was amplified from H. influenzae genomic DNA by PCR using two oligonucleotides which
introduced an N-terminal NdeI site and a C-terminal BamHI site. The PCR product was cut with
NdeI and BamHI and ligated into pET19b which introduced an N-terminal 10-histidine tag and
enterokinase cleavage site. The HI1471 gene (including the upstream ribosome binding site, N-
terminal 10-histidine tag and enterokinase site) was amplified by PCR from this pET19b plasmid
using 2 oligonucleotides that also introduced XbaI sites on both ends of the PCR product. The
resulting PCR product was cut with XbaI, and ligated into the HI1470-pET21b(+) plasmid using
the XbaI site, which is 40 bp upstream of the start codon. A stop codon was inserted at the C-
terminal end of the HI1470 gene, before the 6-histidine tag using the Quickchange mutagenesis
kit (Stratagene). The final plasmid therefore is a fusion pET19b/pET21b(+) encoding an N-
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terminal histidine HI1471 protein, and a HI1470 protein (no tag and no extra residues).
Sequencing of the final plasmid revealed that the N-terminal tag had been inadvertently mutated
to contain 8-histidines, to give an additional 21 residues of sequence
MGHHHHHHHHSSGHIDDDDHK prior to the N-terminal methionine of HI1471.
For protein expression, E. coli BL21 (DE3) cells (Novagen/EMD Biosciences, Madison, WI)
were transformed with the plasmid and grown at 37° C in Terrific Broth, substituting 0.4%
glycerol with 1% glucose and supplemented with 100 mg/ml ampicillin.  The cells were grown in
an 80 liter New Brunswick fermentor containing 60 liters of medium.  The cells were induced at
OD 600 = 5.0 with 1 mM IPTG for 1 hr, harvested and stored at -80 ˚C.
Purification and crystallization
For purification of the HI1470/1 transporter, 20 gm cells were resuspended in 100 ml of 2X
equilibration buffer (20 mM imidazole, 500 mM NaCL, 50 mM Tris HCl pH 7.5) with 80 ml
distilled H2O and 1mM phenylmethylsulphonyl fluoride (Pierce Biotechnology, Rockford, IL),
and ground in a homogenizer.  20 ml of 10% (w/v) n-decyl-ß-D-maltoside (DM; Anatrace,
Maumee, OH) were added for a final volume of 200 ml.  Each 100 ml was sonicated on ice for
one minute, alternating the power between on (0.5 sec) and off (1.5 sec); this step was repeated 3
more times for a total of 4 minutes.   After a 1 hour incubation at 4°C, the solution was
centrifuged at 39,700 x g for 30 minutes before loading the supernatant onto a 10 mL Ni-NTA
affinity chromatography column (Qiagen, Valencia, CA).  From this point, all buffers contained
0.2% DM.  The column was rinsed with 59 mM imidazole and eluted with 250 mM imidazole.
The eluate was dialyzed against 25 mM Tris HCl pH 7.5, 500 mM NaCl, 5 mM dithiothreitol and
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0.2% DM. Additional chromatography steps were found to degrade the crystallization properties
of the protein.  The HI1470/1 transporter was concentrated to 20 mg/ml using an Amicon Ultra
concentrator (Millipore), and the purity was estimated to be > 90% by SDS gel electrophoresis.
E. coli B834 (DE3) cells (EMD Biosciences) expressing selenomethionine incorporated HI1470
and HI1471 were grown in M9 medium supplemented with seleno-D,L-methionine.  Purification
and crystallization of the selenomethionine protein was identical to the methods used for the
native protein.
Crystals were grown using the sitting drop method at 4 °C by combining protein with a
precipitant solution in a 1:1 ratio.  The precipitant solution in the reservoir contained 34%
pentaerythritol propoxylate (5/4 PO/OH; Hampton Research, Aliso Viejo, CA), 0.1 M sodium
citrate pH 5.5 and 0.2 M potassium chloride.   Crystals grew to 0.1 x 0.2 x 0.4 mm3 within a
week.  All crystals were frozen in liquid nitrogen prior to data collection.
Data collection and structure determination
A 2.4 Å resolution native set and a 3.0 Å resolution selenomethionine-edge data set were
collected at the Stanford Synchrotron Radiation Laboratory (SSRL) beam line 9-2, and processed
using DENZO and SCALEPACK (S2).  Protein phases were determined by a combination of
isomorphous replacement and multiwavelength anomalous dispersion using the wildtype
(methionine containing) native data set and a two-wavelength data set (inflection and high
energy remote) collected from a selenomethionine crystal.  Anomalous differences from only the
inflection data set were used in the phase calculation. The program HKL2MAP (S3) was used to
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determine the selenium sites and initial phases which were improved by solvent flattening and
histogram matching using SHARP (S4).  The initial partial structure was automatically built by
Arp/wArp (S5) and followed by manual rebuilding in MAIN (S6).  Crystallographic refinement
using CNS (V 1.1) (S7) resulted in a final model with an R and Rfree of ~22% and ~26%,
respectively, at 2.4 Å resolution.  Data collection, phasing and refinement statistics are provided
in Table S1.
Structural comparisons
The initial superpositions between structures, performed by LSQMAN (S8), were used to
identify structurally conserved elements that were then compared using a program based on an
algorithm of Kabsch (S9).  Structurally conserved elements approximately corresponding to the
ten transmembrane helices used in the analysis of the membrane spanning domains of HI1471
were 7-24, 57-87, 99-113, 119-138, 147-171, 199-213, 236-256, 265-274, 279-303, and 311-329
of chains A and B; and of BtuC were 13-30, 51-81, 93-107, 113-132, 142-166, 192-206, 229-
249, 258-267, 272-296, and 305-323 of chains A and B.  The structurally conserved elements of
the catalytic domain of the ABC subunits of HI1470 were 6-13, 24-50, 60-65, 67-73, 148-154,
180-186, 198-204 and 207-211 of chains C and D; of BtuD were 6-13, 19-45, 54-59, 74-80, 153-
159, 184-190, 202-208 and 212-216 of chains C and D; and of MalK were 5-12, 22-48, 58-63,
78-82, 153-159, 185-191, 203-209, 213-217 of chains A and B in PDB files 1Q12 (closed) and
1Q1B (semi-open).
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Table S1: Data processing, phasing and refinement statistics
Spacegroup P 21 21 21
selenomethionine native
Data set inflection remote
Unit Cell a = 97.85 Å
b = 142.47 Å
c = 150.27 Å
a = 97.46 Å
b = 142.95 Å
c = 150.19 Å
Wavelength (Å) 0.97925 0.89194 0.97927
Resolution (Å) 30 - 3.0 30 - 3.0 30 - 2.4
Unique reflections 42,409 42,395 82,485
redundancy 14.8 14.8 14.5
aCompleteness 100% (99.9) 99.9%(100%) 99.5%(99.2)
bRsym 0.098 (0.18) 0.094 (0.19) 0.065(0.304)
Phasing statistics
Isomorphous phasing power from inflection (acentric/centric) 2.81/2.11
Anomalous phasing power from inflection (acentric) 2.05
Isomorphous phasing power from remote (acentric/centric) 0.47/0.34
Figure of merit (acentric/centric) 0.386/0.397
Figure of merit after DM 0.890
Number of selenium sites used in phasing 23
Refinement
Resolution (Å) 30 - 2.4
Reflections used 81,101
Test reflections 8,135
cRWork (%) 22.24
cRfree (%) 25.97
Average B factor (Å2) 50.7
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rmsd bond length (Å) 0.0063
rmsd bond angle (°) 1.18
Number of protein atomsd 8,569
Number of waterse   682
Model Statistics (PROCHECK (S10))
Residues in the most favoured regions 893 (92.0%)
Residues in the additional allowed regions 74 (7.6%)
Residues in the generously allowed regions 4 (0.4%)
Residues in the disallowed regions 0 (0.0%)
Number of non-glycine and non-proline residues 971
Number of glycine and proline residues 118
a Numbers in parentheses refer to the highest resolution shell only.
b Rsym=S|Ih-<I>h|/ S Ih, where <I>h is average intensity over symmetry equivalents.
c R-factor= S |Fobs-Fcalc|/ S Fobs.
d The final model includes residues A6-A37, A51-A141, A146-A330, B5-B34, B54-B139, B147-
B330, C2-C252, D1-D16, D21-D252, for a total of 1107 residues. HI1471 and HI1470 contain a
total of 337 and 253 residues, respectively, exclusive of the 21 residue histidine tag construct on
the N-terminus of HI1471.
e water molecules positioned in the membrane spanning region likely correspond to density from
disordered detergents and possibly associated phospholipids.
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Supporting Online Material Figure Legends
Supporting Online Material Figure 1: Electron density map in the transmembrane region of
the HI1470/1 transporter at 2.4 Å resolution calculated with experimental phases generated by
SHARP (S4) and contoured at 1.57 times the standard deviation of the map.
Supporting Online Material Figure 2: Sequence alignment of the ABC cassette subunit
HI1470 compared to BtuD (PDB 1L7V (S1)), MalK (PDB 1Q1E (S11)) and Mj0796 (PDB 1F3O
(S12)) as generated with the programs T-coffee (S13) and JalView (S14, S15).
Supporting Online Material Figure 3: Sequence alignment of the membrane spanning subunits
HI1471 and BtuC (PDB 1L7V), as generated with the programs T-coffee (S13) and JalView
(S14, S15).
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